Introduction
Application of fertilizers, manures and other chemicals to agricultural fields is a continuous practice that is required for the optimum crop production. The rate of fertilizer application to soils is often determined by farmers based on the results of periodic soil sampling and analysis that were conducted prior to the cropping season. However conventional methods of soil sampling and analysis for soil variability in chemical characteristics are too timeconsuming and expensive for multi-seasonal monitoring over large-scale areas. Hence, remote sensing has been used as an alternative method for determining and mapping the physical and chemical characteristics of the soil. High resolution aerial imagery were used to map the organic carbon (Chen et al., 2000) , clay content (Sullivan et al., 2005) , organic matter and Bray-1 phosphorus concentration (Varvel et al., 1999) , total soil phosphorus, copper and sulfur (Sridhar et al., 2009a,b) in bare soils. Dematte et al. (2003) reported that chemical variations in soil resulting from fertilizer applications can be detected, based on the intensity of reflectance. Several studies showed the use of spectral reflectance to determine the soil color (Post et al., 2000) , texture and particle size distribution (Chang et al., 2001) , soil moisture (Lobell & Asner, 2002) , iron oxides (Ji et al., 2002) , carbonates (Ben-Dor & Banin, 1990) , clay (Ben-Dor & Banin, 1995) , organic carbon (Dalal & Henry, 1986; Morra et al., 1991; Reeves et al., 2002) organic matter (Henderson et al, 1992) and soil phosphorus (Bogreckci & Lee, 2005 Sridhar et al., 2009a ) . In this chapter, we are focuing on the use of LANDSAT TM data to map the changes in elemental concentrations of the soils that were applied with sewage sludge.
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Analysis of variance (ANOVA) was used to compare the accumulation of each element in the F34 and F11 fields using SAS version 9.1 statistical software (SAS Institute Inc., Cary, NC, USA). An alpha level of 0.05 was used to determine the significance. Fig. 1 . The LANDSAT 5 TM natural color image (TM bands 1, 2, and 3 displayed as BGR, respectively) obtained on May 20, 2005 showing the eastern part of Lucas County in northwest Ohio; this area drains into Lake Erie, which is towards the northern side (top) of the image. The fields permitted for Class B biosolid application in the area are outlined in the image. The fields marked with red borders are the experimental fields used in this study. Soil sampling locations of the study area were shown as yellow dots in the insert image.
(Reprinted from Science of Total Environment 47, Sridhar et al., 2009a , with permission from Elsevier)
LANDSAT data acquisition and analysis
The LANDSAT image frames of May 20 and June 5, 2005, covering the study area were downloaded soon after soil sampling. They were then processed with the ER Mapper image processing software, a commercial product of Earth Resources Mapping, Inc. The study area was located within the LANDSAT overpass region of Path 20, Row 31. The natural color image of the study area, overlaid with outlines of the fields permitted for Class B biosolid applications, is shown in Figure 1 . The locations of all the 70 soil sampling points collected one day prior to LANDSAT 5 overpass were also shown separately in Figure 1 on the natural color image of the study area. The study site was dry, without any vegetation, implying that image spectral reflectances represent the spectral reflectance of soil. The www.intechopen.com
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procedure for developing the GIS database of the Class B biosolid permitted fields in Wood and Lucas counties of northwest Ohio was reported in detail by McNulty (2005) . Based on the locations of the 70 soil samples, the dark object subtracted (DOS) pixel values corresponding to the LANDSAT TM bands 1-5 and 7 were derived from the original May 20, 2005 image. The spectral range of these LANDSAT TM bands are as follows: Band 1: 450-520 nm; Band 2: 520-600 nm; Band 3: 630-690 nm; Band 4: 760-900 nm; Band 5: 1550-1750 nm; and Band 7: 2080-2350 nm. The dark object of each spectral band is defined as one value less than the minimum digital number found in all the pixels of the image (Vincent et al., 2004) . The detailed procedure for DOS and its effects on removal of atmospheric haze was given in Vincent (1997) and Vincent et al. (2004) . From the DOS-corrected digital number (DN) values of the six LANDSAT single bands, 15 non-reciprocal spectral ratios were calculated. These spectral ratios are: R 2,1 ; R 3,1 ; R 3,2 ; R 4,1 ; R 4,2 ; R 4,3 ; R 5,1 ; R 5,2 ; R 5,3 ; R 5,4 ; R 7,1 ; R 7,2 ; R 7,3 ; R 7,4 ; R 7,5 where R represents the ratio and the numbers represent the LANDSAT TM band numbers (Vincent, 1997) . The spectral ratios were calculated using the MINITAB statistical software (MINITAB Inc., State College, PA, USA).
LANDSAT TM best spectral ratio model development and validation
The relationship between the chemical concentrations of the surface soil samples and the DOS DN values corresponding to the six single bands and the 15 non-reciprocal spectral ratios were developed by regression analysis. Using the MINITAB regression analysis component the best subsets regression was employed, and only the top two models with highest R 2 adjusted values were chosen to report for each number of variables. The best subsets procedure was used for sequentially entering independent variables one at a time to improve the regression equation's predictive ability. The reported models from the best subset regression output were tested for autocorrelation with a Durbin-Watson (DW) statistical test (Durbin & Watson, 1951) . This tests for autocorrelation in the input parameters. Finally, the model which had the highest R 2 adjusted and that also passed the DW test was selected as the best model for given inputs. This procedure was reported in detail elsewhere by Vincent (2000) and Vincent et al. (2004) . The identified best model was then applied to the same May 20, 2005, LANDSAT image, which was used in developing the model to map the elemental concentration of the surface soils. The model was also applied and validated using the June 5, 2005, LANDSAT image, which was obtained 17 days after the soil sampling. In the LANDSAT images that were applied with the best model, masks were created to limit the display to only bare soil fields.
Results and discussion

Soil chemical concentration
The chemical concentration of the soils at 0, 30 and 50 cm depths and the moisture content of the surface soils in both the F34 and F11 treated fields are shown in Table 1 . Among all the chemicals that were analyzed, the accumulation of Ba, Cd, Cu, S and P were significantly (p<0.05) higher in the surface soils of F34, compared to F11 (Table 1 ). There was no significant difference in the chemical concentrations at 30 and 50 cm depths among the F34 and F11 soils. Also, the moisture content of the surface soils in both the fields was similar ( Table 1 ). The soils were of the prevalent latty silty clay type with surface soils having 40-55% of clay and 3-5% of organic matter (Soil Survey Staff, 2007 
LANDSAT spectral ratio model
Regression equations were established to determine the chemical concentrations of Ba, Cd, Cu, S and P, which are significantly (p<0.05) higher in the surface soils of F34 compared to F11, using the DOS-corrected six TM bands and the 15 non-reciprocal spectral ratios. The best spectral ratio input models that pass the DW test of significance along with their R 2 adjusted and standard error values are given in Table 2 None of the single band models passed the DW test. Phosphorus had the highest R 2 adjusted value (67.9%) followed by Cu among the chemical attributes that passed the DW test (Table 2 ) and are considered for mapping with LANDSAT TM data. Hence, only the P and Cu results were shown in this paper. The P values obtained from chemical analysis of the 70 surface soil sampling locations versus the predicted values of P for the same locations www.intechopen.com
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obtained by applying the P spectral ratio model P(mg/kg) = 4156 -1690 (R51) + 2257 (R73) to the May 20, 2005, LANDSAT TM frame is given in Figure 3 . 
www.intechopen.com
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The P spectral ratio model was also applied to the June 5, 2005 LANDSAT image frame and the predicted P values were plotted against the P values obtained by the soil analysis (Fig.  4) . The model performed well in predicting the P concentrations of surface soil when applied to either of the LANDSAT TM images. The application of the best P spectral ratio model to the LANDSAT 5 TM frame of May 20, 2005, which was also used in developing the model, is shown in figure 5 . The redder color in this image corresponds to higher amounts of P in surface soil. Figure 6 shows the image of the same spectral ratio model that was developed using the LANDSAT 5 frame of May 20, 2005, being applied to the LANDSAT 5 frame of June 5, 2005. Note that the P concentration in the F34 field is significantly higher than the F11 field in both the images (Fig 5 and 6 ). The application of the best P spectral ratio model to the May 20, 2005, LANDSAT TM image, showing the part of the watershed that drains into Lake Erie, is given in Figure 7 . The fields outlined in this figure are permitted for Class B biosolid application. 2005 LANDSAT image frame and the predicted Cu values were plotted against the Cu values obtained by the soil analysis (Fig. 9) . The model performed well in predicting the Cu concentrations of surface soil when applied to either of the LANDSAT TM images. The application of the best Cu spectral ratio model to the LANDSAT 5 TM frame of May 20, 2005, which was also used in developing the model, is shown in figure 10 . The redder color in this image corresponds to higher amounts of Cu in surface soil. Figure 11 shows the image of the same spectral ratio model that was developed using the LANDSAT 5 frame of concentration in the F34 field is significantly higher than the F11 field in both the images (Fig 10 and 11) . The application of the best Cu spectral ratio model to the May 20, 2005, LANDSAT TM image, showing the part of the watershed that drains into Lake Erie, is given in Figure 12 . Fig. 12 . The total Cu concentration (mg/kg) in surface soil samples of the bare soil fields in the eastern part of the Lucas County of northwest Ohio, which is a part of the drainage basin of Lake Erie, which is located at the northern side (top) of the image. The image is obtained by applying the Cu spectral ratio model to the LANDSAT 5 TM frame of May 20, 2005 which was used for developing the model. The fields permitted for Class B biosolid application in the vicinity are outlined in the image. The fields marked with a pink border are the experimental fields used in this study.
The analytical results showed that the accumulation of P and Cu in surface soil samples of F34 was about 2.6 and 1.5 times higher than for the F11 soils. This confirms the report of Chang et al. (1983) that five continuous years of biosolids application in two California soils at 0, 22.5, 45 and 90 ton per hectare increased the total P concentration of surface soil (0-15 cm) from 515-540 mg/kg to 1092-1312, 1657-2163 and 2617-3470 mg/kg, respectively. Similarly Maguire et al. (2000) reported that the concentration of total soil P in surface soils (0-20 cm) of biosolid amended soils was 738 mg/kg, or nearly double the values in unamended soils, where the total soil P was 403 mg/kg. High concentrations of Cd and Cu in the surface soils of F34 compared to F11 agree with the reports of Nyamangara and Mzezewa (1999) , that the long-term application of biosolid increases the accumulation of Cd and Cu in the surface soils www.intechopen.com
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Discussion
LANDSAT TM data can be used to estimate and map some chemical characteristics of soils, such as total phosphate content, as shown in this study. Our results enabled us to conclude that remotely sensed imagery of bare soil fields can be used to quantify and map the spatial variation of total P and Cu concentration in surface soils. The technology is simple enough to be applied to the entire watershed. The P and Cu spectral ratio models were more robust and reliable than the single band input models and can be applied to bare soil fields with low (<13%) soil moisture. Nanni and Dematte (2006) have successfully employed LANDSAT TM data to estimate the sand, silt, clay, organic matter, cation exchange capacity (CEC) and sum of cations in Brazilian soils. They derived spectral reflectance values from the corrected LANDSAT image to develop multiple regression equations in order to estimate the different physical and chemical characteristics of the soils; however, no soil maps were presented in that study (Nanni & Dematte, 2006) . Our study is significant because it represents the first successful effort in using LANDSAT TM data to estimate and map P concentration in surface soils. We also successfully validated the P spectral ratio model by applying to another LANDSAT image obtained on June 5, 2005. Aerial imagery was used to map the organic carbon (Chen et al., 2000) , clay content (Sullivan et al., 2005) , organic matter and Bray-1 phosphorus concentration (Varvel et al., 1999) and LANDSAT TM imagery was used to estimate the physical and chemical properties (Nanni & Dematte, 2006) of surface soils in the previous studies. However, the algorithms developed in these studies were based on the reflected image intensity values of the soils, which required correction for atmospheric haze with atmospheric models before applying the algorithms to another date. The P spectral ratio model developed in our study is based on the DOS-corrrected spectral ratios and is more robust that any model that could be derived from a combination of single spectral bands. Vincent et al. (2004) showed that the DOS spectral ratio models were more robust than single band models and can be applied with reasonable accuracy to different times of data collection, though their subject was cyanobacteria blooms in lakes or streams, and the present study is about P concentrations in bare soils on dry land. By applying our P and Cu spectral ratio model, we can identify and map the P and Cu concentration in surface soils as a result of biosolid application. Because P accumulation in soils can also result from the application of biosolids, animal manures, and man-made fertilizers, this research has significant implications in identifying the fields with high concentrations of surface soil P, thus helping implementation of P-based management practices on agricultural fields, with an aim toward reduction of P runoff into nearby surface water bodies. Shober and Sims (2003) reported that twenty-four of the states and territories in the United States now have regulations to restrict the land application of biosolids, based on phosphorus concentration in soil. Thirteen of these 24 states have established actual numerical limits for soil test phosphorus (STP), with an aim to cease the application of biosolids once these limits are reached. As the total soil P and STP are linearly related to each other (Allen & Mallarino, 2006) , our P spectral ratio model can be used to monitor P levels in surface soils. The remainder of this chapter is devoted for the presentation of a sample application which demonstrates how quantitative remote sensing of soil P and Cu concentrations can be used www.intechopen.com
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to meet the variety of information needs. This particular case study shows the use of our remote sensing models for monitoring a recent environmental disaster.
Sample application a. Coal fly ash spill
A vast amount of fly ash, a by-product of coal incineration, was spilled over a wide area on December 22, 2008, at approximately 0100 hours EST, when an earthen wall of a fly ash disposal pond broke at the Tennessee Valley Authority (TVA) Kingston Fossil Plant, located at Harriman, Roane County, Tennessee (TVA, 2009; Fig 13) . This is the largest environmental disaster of its kind involving a coal fly ash spill in the US history (New York Times, 2008) . Approximately 5.4 million cubic yards of fly ash were spilled over an area of 300 acres outside the ash storage ponds. Fly ash was also spilled into the Emory River and the tributaries that flow into the Emory River, which serves as a source of drinking water (TVA, 2009; New York Times, 2008 ; Fig 13) . Accumulation of large amounts of fly ash as a result of coal combustion is becoming a major environmental concern in the United States. With the Nation's increasing demand for energy, the increase in coal combustion has required the disposal of large quantities of coal combustion residues. Approximately 131 million tons of coal combustion residues were generated within the United States in 2007, of which 36% was disposed in landfills, 21% in surface impoundments, and the remainder was reused for beneficial purposes. There are approximately 300 landfills and 300 surface impoundment facilities used by 440 coal fired plants across the United States (Fig 13) . The physical and chemical properties of the fly ash generated at a given coal-fired plant depends on the nature of the coal being burned, type of the combustion method, and the storage and handling methods involved. In general, fly ash is substantially rich in many elements (including heavy metals) and is usually stored in either landfills or artificial lagoons on open land. The general chemical composition of fly ash is given in Table 3 ( Page et al., 1979 Sridhar et al., 2009b) Mapping the spatial distribution of chemical concentrations as a result of fly ash spill is important for determining its effect on human and environmental health and for conducting remediation and recovery efforts. Previous studies have shown that fly ash pollution can be monitored through several methods: conventional soil sampling and analysis, measurement of Sr-87 to Sr-86 ratios in plant samples growing in the vicinity, and measurement of ferromagnetic mineral concentrations present within the fly ash by magnetic mapping. However, all of these methods are based on point measurements at the ground-level, requiring intensive sampling of large-scale contaminated areas, which is expensive, timeconsuming and sometimes not even possible as the areas may be sufficiently hazardous (e.g., poor slope stability) and inaccessible to scientists and engineers.
b. LANDSAT TM Images
Remote sensing has been used as an alternative method for determining and mapping the physical and chemical characteristics of exposed soils. In this study, we have used LANDSAT Thematic Mapper ( For the purpose of measuring the P and Cu concentrations in the exposed fly ash and soil in the spill vicinity, the spectral ratio models given in Table 2 were applied to each of the three LANDSAT TM images covering the fly ash spill study area. Figure 14 shows the natural color images, total P and Cu concentration images of the fly ashspill vicinity for each of the following dates of LANDSAT TM overpass: November 20, 2008 , December 22, 2008 , and February 1, 2009 , representing the periods of 32 days before the fly ash spill, 9 hours after, and 40 days after the fly ash spill, respectively. The fly ash is seen as a grey-colored area in the December 22, 2008 natural color imagery. Image interpretation of a standard natural color image (TM bands 1, 2, and 3 displayed as blue, green, and red, respectively) yields limited success for mapping the fly ash deposits because the contrast between fly ash and background soils is small in visible wavelength regions. The LANDSAT TM derived P concentrations range from 1,500 to 4,500 ppm and the Cu concentrations from 25 to 75 ppm in the November, 2008 and February, 2009 images. We have assigned turquoise, yellow, orange and red colors to increasing P and Cu concentrations as indicated by the respective color coding bars in Figure 1 In November, before the fly ash spill, the high concentrations of P and Cu were shown to be confined to the fly ash ponds. In December, a large extent of increased P and Cu concentrations is clearly evident towards the northern and north eastern side of the ash holding ponds as shown in Figure 14 . These high P and Cu concentration features agree with the fly ash spill towards the northern and north eastern sides of the ash holding ponds (TVA, 2009) . In February, the P and Cu concentrations mapped with the same LANDSAT TM algorithms were lower than those recorded in December. As an action item for dust suppression, TVA spread 85 tons of winter rye grass, 650 tons of straw, and other erosioncontrol mulch on the surface of the fly ash spill areas from January 3 through January 15, 2009 15, (TVA, 2009 . For areas of where grass and straw were spread over, the February 1, 2009 image shows lower P and Cu concentrations, compared to the December 22, 2008 image. This series of images shows that LANDSAT TM data can be used to quantitatively monitor the remediation and recovery efforts of P and Cu contaminated sites.
c. Results of Image Analysis
Conclusions
In summary, the application of P and Cu mapping algorithms from LANDSAT TM images have allowed us to map and estimate the increase in surface concentrations of these two elements in surface soil samples. These results show the effective use of multispectral satellite image analysis in determining surface soil chemical concentrations. Compared to point measurements made by ground-based soil sampling and chemical analysis, the satellite-based measurements have a great advantage in mapping the spatial distribution and concentration of elements and chemical compositions over time. As LANDSAT TM has 30-m spatial resolution, there is a measurement by the satellite for every 1/5th of an acre (the area covered by one pixel) during each overpass, which would be cost prohibitive for point measurements that require manual soil sample collection and laboratory analysis of each sample. Satellite monitoring of surface soil elemental concentrations for environmental purposes can surpass point measurements on the ground and measured in the laboratory, at least for P and Cu. We have looked at several other elements for similar algorithms but found none as good as these two. The limitations of our spectral ratio models is that they were developed using bare soil fields that had a low soil moisture (<13%) and the soils tested were of the prevalent soil type (Latty Silty Clay) in this region. Also the P and Cu concentration that went into these models were in the ranges of 700-3000's and 30-60's respectively. Thus we have no evidence that these models will be accurate for soils with P and Cu concentrations outside these limits and with different soil types of higher soil moisture contents. Further research is being done to test the model to determine the P and Cu concentration in surface soils of other soil types in this region.
